Abstract
Hydroacoustic mapping revealed that gas emissions were not limited to a zone 28 just above 396 m below sea level (mbsl). Flares from this depth gained significant 29 attention in the scientific community in recent years because they may be caused 30 by bottom water-warming induced hydrate dissolution in the course of global 31 warming and/or by recurring seasonal hydrate formation and decay. We found 32 that gas emissions occurred widespread between about 80 and 415 mbsl which 33 indicates that hydrate dissolution might only be one of several triggers for active 34 hydrocarbon seepage in that area. Gas emissions were remarkably intensive at the 
42
Estimates of the regional gas bubble flux from the seafloor to the water column in on a linear scale with the purpose of classifying flares into strong and weak.
231
Locations of flares were plotted with GMT using color coding for classifying Typhoon PAL camera and stored electronically in AVI format.
242
The volume flux of bubbles was estimated using a bubble catcher and visually the video frames and, therefore, only one bubble diameter could be measured.
247
From each measure, volumes were calculated assuming spherical bubbles and He-387 cruise (Fig. 1 ). For simplicity, we subdivided the region in five areas.
262
Flares in the water column were found at the continental shelf (Area 1), close to needed to unravel if this feature might also be a significant source region for gas 287 emissions.
288
We found no evidence for gas bubble emission in Area 4 (Fig. 1) by microbial mats were observed (Fig. 3F) . Swarms of demersal fish were 326 encountered.
327
Analysis of the composition of gas bubbles sampled with the GBS at six bubble 328 streams in all three areas showed that the gas from Areas 2 and 3 is generally 329 dominated by methane (99.70 to 99.99% (Σ(C 1 -C 3 , CO 2 )); intensities (weak vs. strong) could not be achieved, this was left to the EK60 data.
354
Two ROV dives were conducted in Area 2 (Fig. 6 ) at sites where weak and strong
355
flares occurred close to each other (Table 1) . For practical reasons, we termed a 356 site where we found one or more gas emissions within a small area a 'cluster'.
357
The appearance of cluster C6 in the sonar record is shown in Figure 7 . Within a 358 distance of less than ~ 3 m, we observed 5 bubble streams (S1-S5). We assumed (Table 3) . 3 C and D). Application of both methods at two emission sites showed that the 367 differences were less than 25% (Table 3) . On average, 15.2 ml min -1 of gas (std. .
371
Based on the flux rates mentioned above, we estimated the flux of methane as gas 'seep area' (Fig. 8) . We used the data obtained during the four transects crossing 403 this 'seep area' to determine the number of flares during each crossing (Fig. 9) .
404
Because each crossing covered only part of the 'seep area' we calculated the total 405 number of flares by assuming that the flares were regularly distributed.
406
Subsequently, we counted the number of flares within the observed area, which is 407 the seep area within the footprint of the EM 710 (e.g. the red rectangle in Fig. 9A ) 408 and extrapolate that number to the entire seep area (Table 4) . The resulting inherent to the methodology used and the variability of gas emissions.
14
The temporal variability of bubble emissions was confirmed during ROV dives.
413
We found that individual bubble streams were transient with bubbles being 414 emitted for seconds or tens of seconds followed by minutes of inactivity. In given in Table 5 reflect maximum values: at a given moment bubbles were 420 emitted only from some sites, i.e. only a fraction of the total number of emission assuming pure methane.
425
The total seafloor flux of methane in Area 3 was calculated based on the clustering at the forlandet moraine complex. In contrast, the distribution of gas 504 emissions at the shelf distant to the forlandet moraine complex does not follow 505 any discernable pattern; however, there might be a weak tendency that flares 506 preferentially occur at topographic highs but not in depressions.
507
Numerous flares concentrated at the forlandet moraine complex at water depth of 508 about 80 to 90 m (Fig. 2) emitted along lineaments at the outer shelf (Fig. 5) .
533
Flares in Area 3 are linearly orientated along a band at the upper continental slope 534 at water depth above ~396 m (Fig. 8) . Using the swath echosounder, we 
544
The abundance of flares versus depth in Area 3 is shown in Figure 11 . Because 545 the depth-related abundance of flares resembles a Gaussian distribution a generic 546 link between depth and gas emission is intuitive.
547
Because most flares occurred between about 360 and 415 m water depth it is 548 tempting to calculate the sediment temperature increase which would be required 549 to induce hydrate dissociation. For this, we calculated the gas hydrate phase 550 boundary using the composition of gas sample GeoB 16833-2 collected with the 551 GBS (Fig. 11) . The resulting increase in sediment temperature of 1.2 °C is in 
556
Based on the seafloor flare distribution determined in this study, we conclude that 557 if gas hydrate dissolution is a cause for seafloor gas emissions, this process was Prins Kalrs Forland is prone to hydrocarbon seepage and that gas seafloor 562 emission unaffected by gas hydrate dissociation is common in the region. 
582
All investigations of gas emissions in that region so far were carried out in the 583 summer period, and, therefore, it is uncertain whether the gas emissions undergo ) in other bubble emission settings (Table 6 ). Because bubble fluxes in 608 all these settings are in the same order of magnitude gives confidence that our 609 approach used for estimating the flux in this study is reliable.
610
Our estimation of the bubble flux contributes to the ongoing discussion about the 611 amount of gas hydrate in the upper continental slope west of Svalbard that is 612 susceptible for temperature changes. We base the following discussion on the 613 assumption that most of the methane is released as gas bubbles from the seafloor, 
624
Overall, the bubble flux estimated in this study is lower than the amount of 625 methane released from dissociating hydrates reported earlier (Table 7) . However, (2011) appear to be most applicable.
636
The impact of future bottom-water warming on hydrates in sediments of the upper to refine models on this temperature-susceptible reservoir and serves as baseline,
680
in the case that warming leads to intensified gas emissions in future.
681
The gas emissions in Areas 2 and 3 are only one aspect of fluid flow offshore 
